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for the 

U. S. Atomic Energy Commission 

AERODYNAMIC CHARACTERISTICS OF A l/4-SCALE MODEL OF 

THE DUCT SYSTEM FOR THE GENERAL ELECTRIC P-l 

NUCLEAR POWERPLANTFORAIRCRAFT 

By Charles C. Wood and John R. Henry 

SUMMARY 

A l/4-scale model of the General Electric P-l nuclear powerplant 
was investigated to determine the internal aerodynamic characteristics. 
More specifically, the primary purposes of the investigation were to 
measure the mass-flow distribution of air in the simulated reactor, to 
measure the total-pressure losses for the duct components and for the 
complete model, and to determine model modifications necessary to pro- 
duce the desired performance characteristics. Secondary objectives were 
to determine the effects of flow asymmetry (simulation of less than four 
engines in operation) on the aerodynamic performance, to determine the 
total-pressure profiles at the entrance to the simulated reactor, and to 
determine whether the path of a specific segment of air flow could be 
traced from the simulated reactor to a specific turbine inlet pipe. 

The original mass-flow distribution in the simulated reactor was 
not acceptable; minor alterations to the guide vanes produced an accepta- 
ble distribution. The original performance of the inlet diffuser was not 
acceptable and was corrected by modifying the inlet header plate. The 
inlet and exit collector rings both affected the aerodynamics of the 
flow through adjacent duct components to a high degree. The overall loss 
of total pressure for the final model configuration was equivalent to 
6.66 times the dynamic pressure in the compressor discharge pipes, which 
corresponded to the inlet of the l/4-scale model. 

INTRODUCTION 

At the request of the Atomic Energy Commission, an investigation 
was conducted in the Langley Internal Flow Section to determine the 
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aerodynamics of the internal flow for a l/&scale model of the duct system 
for the General Electric P-l nuclear powerplant for aircraft. A general 
description of the powerplant and specifications are given in reference 1. 
The configuration consisted of four turbojet engines in parallel with pro- 
visions for heating in the conventional manner by chemical combustion or 
for heating by bypassing the four compressed airstreems through a single 
atomic reactor to the four turbine inlets. A preliminary analysis is 
presented in reference 2 which determines the proper model scale and flow 
simulation for the investigation reported herein. An estimate of the pres- 
sure losses of an early version of the duct system is presented in refer- 
ence 3. The NACA investigation was based on the performance requirements 
for the FTB (Flying Test Bed) version of the powerplant. Reference 4 pre- 
sents a summary of part of the NACA investigation and is based on material 
transmitted by the NACA to the General Electric Company by means of infor- 
ma1 progress reports. 

The primary objectives of the investigation were to determine the 
effects of various duct components .on the mass-flow distribution in the 
simulated reactor, to modify the model components to obtain acceptable 
reactor mass-flow distributions, to measure the total-pressure loss char- 
acteristics for the component parts of the model as well as for the com- 
plete model, and to determine means of reducing the total-pressure losses 
of components which produced losses too high to be acceptable. Secondary 
objectives were to determine the effects of asymmetry (simulation of less 
than four engines in operation) on the loss of total pressure for the 
complete model and on the distribution of air flow in the simulated reac- 
tor, to determine the total-pressure profiles just downstream from the 
entrance to the simulated reactor, and to determine if the paths of spe- 
cific segments of air flow could be traced from the simulated reactor to 
a specific turbine inlet pipe. 

The objective of obtaining uniform mass-flow distribution in the 
reactor was considered to be most important since nonuniform distribu- 
tions would cause local regions of excessive temperature and possible 
destruction of the reactor. The total-pressure losses of the model had 
to be kept within reasonable limits to avoid excessive losses in thrust. 
The total-pressure or velocity distributions at the entrance of the simu- 
lated reactor were required to estimate the reactor heat transfer and 
performance. The air-flow traces were required to determine whether 
samples of concentration of fissionable products in the turbine inlet 
pipes could be used to detect and locate a structural failure in the 
reactor. 

Near the completion of the experimental phase of the investigation 
reported herein, a decision was made which affected the remainder of the 
l/&scale model tests. !Fhe decision is described in the following quota- 
tion from reference 5: 
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%uring the quarter ended June 30, 1953, the General 
Electric ANP Project experienced a change in immediate objec- 
tive as a consequence of governmental consideration of pro- 
grams and budgets. The government has now asked that the 
general direction of the program be aimed at development of 
components for a power plant of direct military utility rather 
than at the early acquisition of experience with reactors and 
systems of aircraft type but built primarily for flight 
demonstration.n 

The immediate effect of the change in general direction on the subject 
program was to curtail the air-flow tracer tests, which were the last 
item on the test program and incompleted at that time. It was also 
decided that no effort would be made to analyze the data in more detail 
than the analyses contained in the periodic informal progress reports 
transmitted to the General Electric Company. Consequently, the material 
contained herein represents a rearrangement and summary of the informal 
progress reports and Was prepared to establish a permanent.record of the 
data for use where applicable to future powerplant or duct designs. 

Design Mach number at the entrance to the simulated reactor was 
0.135; however, tests were conducted for the Mach number range from 
approximately 0.083 to 0.16. The test Reynolds number based on the 
hydraulic diameter at the inlet station of the inlet annulus was 240,000 
at design Mach number; this value was 15.8 percent of the full-scale 
Reynolds number. 

SYMBOIS 

H 

P 

P 

9 

P 

M 

v 

A 

total pressure 

static pressure 

density 

compressible dynamic pressure in individual reactor passages 
upstream of orifice plate 

coefficient of viscosity 

Mach number 

velocity 

duct area 



NACA RM SL55G29b 

!g., 
&.+ d 3; g 

1’ 0 & 
81 
!.“fj ii’” 
7221 $I;2 
9 

4 

L 

r 

length along the center line of air passage 

radius of duct elements, inches 

s 

rY 
PVH d(r2) 

mass-weighted total pressure, rX 

s 
rY 

PV d(r2) 
TX 

s 

rY 
V d(r2) 

T= rx 

s 
' d(r2) 

lj, 

D hydraulic diameter, 4 X Cross-sectional area of duct 
Perimeter of duct 

R Reynolds number, o@D/p 

Subscripts: 

X reference to inner wall 

Y reference to outer wall 

V indication that a specific term is based on venturi measurements 
(see discussion in 'Basis of ComparisonU) 

i inlet of a particular duct element 

e exit of a particular duct element 

‘8,1,%3,4 
6,7,8,9 

stations for instrumentation (see fig. 1) 

i 
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APPAEIATUS AND METHODS 

TESTSETUPS 

5 

. 
4 :$ 

kj A drawing of the complete l/&scale model, which simulated the sec- 
tion of the powerplant located between the compressor discharge and the 
turbine inlet, is shown in figure 1. The various components comprising 
this duct system are the compressor discharge pipes, inlet collector 
ring, inlet annulus, inlet header, simulated reactor, guide vanes, simu- 
lated control rods, exit header, exit annulus, exit collector ring, and 
the turbine inlet piping. Other components shown in this drawing which 
were necessary fortest purposes but which were not a part of the actual 
model are the large cylindrical plenum chamber which supplied air to the 
compressor discharge pipes, and the control valves and venturi meters 
used for regulating and measuring the flow, respectively, in both the 
compressor discharge and turbine inlet pipes. Air from a laboratory 
blower discharged into the plenum, entered the compressor discharge pipes 
through bellmouth-shaped venturi meters, flowed through the duct system, 
and was discharged to atmosphere downstream of the valves in the turbine 
inlet pipes. This model configuration will be referred to as test con- 
figuration 4 since tests of other configurations were necessary prior to 
the testing of this complete configuration. 

Drawings of other test configurations are shown in figures 2, 3, 
and 4. Configuration 1 (fig. 2) was tested for purposes of calibrating 
the simulated-reactor assembly end consisted of cylindrical and conical 
ducting which connected the model to the blower, the simulated reactor 
including the orifice plate, conical and cylindrical ducting connected 
to the exit of the simulated reactor, and a venturi meter. Each annulus 
of the simulated'reactor was calibrated separately by sealing the inlets 
of all other annuli with tape supported by wooden backing rings. Several 
sizes of venturi meters were necessary to cover the required air-flow 
ranges. 

Test configuration 2 (fig. 3) included the simulated reactor and 
downstream ducting of configuration 1 in addition to the inlet annulus 
fitted with an adapter cone and collar and upstream cylindrical ducting. 
The purpose of the tests of configuration 2 was to determine the per- 
formance of the inlet annulus and header and the effect of the inlet 
annulus and header on the simulated-reactor performance under conditions 
of ideal flow at the inlet to the annulus. 

Test configuration 3 (fig. 4) consisted of test configuration 2 with 
the ideal inlet replaced by the inlet collector ring and the same upstream 
ducting as configuration 4 (fig. 1). Configuration 3 represents, there- 
fore, complete model simulation up to and including the reactor, and 
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permitted the evaluation of the effect of the inlet collector ring on 
the performance of the duct assembly consisting of the simulated reactor, 
inlet header, and inlet annulus. 

MAJOR MODEL CCMPONENTS 

Simulated Reactor 

The simulated reactor (shown in fig. 5) consisted of 10 aluminum 
concentric cylinders which formed nine annular passages, a circular 
plate which contained many bellmouth circular orifices and which will 
be referred to hereafter as the multiorifice plate, a rear strut intended 

; 
t 

for support purposes in the actual powerplant, and 16 short concentric 
cylinders fastened to the longer cylinders in the manner shown in fig- + 

\ 
ure 5. The solid central cylinder, which formed the inner wall of pas- 
sage 1, was longer than the other nine cylinders,for purposes of struc- 
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tural support. Each of the nine large cylinders was made in two parts 
to permit the orifice plate to be installed as shown; consequently, air 
entering the nine passages from an upstream duct flowedthrough the pas- 
sages, through the orifice holes located in the orifice plate, through 
the nine passages downstream of the orifice plate, and into some down- 
stream duct. The total area of the nine annular passages was 101.56 square 
inches. The areas of passages 1 and 2 were 3.25 and 9.14 percent, respec- 
tively, of the total area; the areas of the remaining passages varied from 
11 to 14.19 percent of the total area. The design mean inlet Mach number 
to the reactor was 0.135. Since the air was to be heated in the actual 
reactor, the design exit Mach number was 0.22. The total area of the 
orifice holes in the orifice plate in each annulus was fixed, according 
to an approximate design procedure, to produce at the design inlet Mach 
number of 0.135 a total-pressure loss of 9.3q, where q is the inlet 
dynamic pressure in the simulated reactor passages. During the calibra- 
tion tests, it was found necessary to add in series with the circular 
orifices the annular orifices formed by the 16 short concentric cylinders 
in order to obtain approximately equal total-pressure losses across all 
annuli. .Detailed drawings of the rear strut, the support member of the 
reactor, are shown in figure 6(a). Drawings of the rear-strut modifica- 
tion, which was intended to simulate insulation and was not derived from 
aerodynamic considerations, are shown in figure 6(b). Data showing the 
percent blockage (reduction in area) of each annular passage of the reac- 
tor produced by both the original and modified rear struts are included. 

Inlet Annulus and Header 

A drawing of the inlet annulus together with a table of dimensions 
is shown in figure 7. The annular passage had practically a constant 
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area from the entrance or upstream end of the annulus through the PO0 turn, 
which is located nesr the annulus exit and which directs the air flow 
radially towards the model center line. Downstream of the PO0 bend in 
the region adjacent to the header plate, the area increased rapidly at a 
rate equivalent to that of a conical diffuser with a 28O cone angle. The 
downstream end of the inlet annulus, referred to herein as the header 
plate, was redesigned so that the rate of area increase was reduced to 
that of an equivalent 12O conical diffuser; a table of dimensions for the 
redesigned header plate is also shown in figure 7. 

Exit Annulus and Header 

:i 
; 
7;. 

A drawing of the exit annulus and a table of dimensions is shown in 
figure 8. This duct element was similar to the inlet annulus in that it 
consisted of a section of constant area followed by one with rapidly 
increasing area. The constant area section began in the region of the 
header plate (station 6) at the entrance to the exit annulus, continued 
through the large angle turn which directed the air flow towards but at 
an angle to the center line, and continued downstream through the other 
minor turns to the section approximately parallel to the center line 
which begins 5.9 inches from the downstream end. The rate of area expsn- 
sion of this 5.9-inch section was equivalent to that of a 28O conical 
diffuser. No alterations to this duct element were made. 

Inlet Collector Ring 

Drawings of the inlet collector ring together with all important 
dimensions are shown in figure 9. ,This duct collected the flows dis- 

charged from the four 4: -inch-diameter compressor discharge pipes and 
varied in diameter as shown in figure 9. The compressor pipes, which 
were in the same vertical plane, all connected to the same side of the 
collector, two above and two below a horizontal plane through the center 
of the collector ring. Flow from the two center pipes was directed 
almost radially towards the collector-ring center, whereas flow from the 
two outer pipes was directed almost tangential to the collector ring. 
Short diffusers connected the compressor pipes to the collector-ring 
passage. The diffusers were approximately 6 inches long and increased 

in diameter from $ to approximately 5$ inches. The downstream end of 

the collector ring had an annular opening which.matched the upstream end 
of the inlet annulus to which the collector discharged. No modifications 
to the inlet collector ring were made. 



Exit Collector Ring 

Drawings of the exit collector ring and important dimensions are 
shown in figure 10. The exit and inlet collector rings were somewhat 
similar in that one end was an annulus and the other was four circular 
pipes; however, the orientation of the annulus and pipes of the exit 
collector ring was opposite to that of the inlet collector. The entrances 
to the turbine inlet pipes, which were built into the exit collector ring 
in a manner similar to the exits of the compressor discharge pipes, were 
of a diameter equal to that of the turbine pipes and were not enlarged 
as were the pipe connections in the inlet collector ring. 

Guide Vanes 

Detail drawings of the guide vanes and tables of dimensions for the 
two vane configurations tested are shown in figure 11. The guide vanes 
were attached to the downstream end of the simulated reactor with the 
exception of annulus 1, where the vane was fastened to qhe header plate. 
The vanes were intended to turn the flow 90' to a direction parallel to 
the header plate with a minimum of total-pressure loss and without dis- 
turbing the balance of flow in the reactor. Vane configuration 1 differed 
from vane configuration 2 in that configuration 2 included the vane for 
annulus 1 and a completely redesigned vane for amn~lus 2. The vane 
heights of vanes 3 to 7 were reduced by cutting off short sections of 
the base whereas that for vane 9 was increased by inserting shims at the 
base. This configuration increased the minimum spacing between adjacent 
vanes in the annuli nesr the center of the reactor and in annulus 9, 
while decreasing the minimum spacing in the annuli in the outer part of 
the reactor. 

Control Rods 

Detailed drawings of the simulated control rods, together with tables 
of dimensions, are shown in figure 12. Control rod configuration 1 was 
used in conjunction with guide vanes whereas configuration 2 was used 
without guide vanes. The control rods for both configurations were 
airfoil-shaped and of the same profile; the arrangement for use without 
guide vanes had a slightly higher aspect ratio and a flat tip for attach- 
ment to the reactor. Configuration 1 Fastened directly to the curved 
guide vanes. An end view of the reactor, figure 13, shows the circumfer- 
ential and radial positions of the control rods. Figure 14, a photograph 
of the exit end of the reactor, with guide vanes and rods in quadrant D 
(see fig. 1) removed, is included for illustrative purposes. 
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AUXILIARYEQUIPMENT 

9 

The several venturi meters required for this investigation were 
all designed to produce a sinusoidal acceleration distribution in which 
the acceleration at the inlet and exit was zero. The ratio of the 
upstream area to the venturi throat area was 10 for all venturi meters 
except the ones located in the compressor discharge and turbine inlet 
pipes, the area ratios of which were dictated by the pipe sizes and 
quantities of air to be passed and which equaled 1.65 and 1.45, respec- 
tively. A drawing of a typical venturi meter is shown in figure 15; a 
table listing the various venturi throat diameters required is also 
included. 

Special equipment required for the air-flow tracing investigation 
consisted of a supply of dichlorodifluoromethane (Freon 12), a water- 
heated Freon vaporizer, a tube for injecting the Freon vapor into the 
model, and equipment for measuring the specific gravity of the mixture 
of air and Freon 12, which will be discussed in the following section. 
The design condition for the vaporizer was the vaporization of l/2 pound 
of Freon per second at pressures up to 300 pounds per square inch. The 
injection tube was a 5/16-inch outside-diameter cylindrical tube with 
three short 3/16-inch outside-diameter tubes attached perpendicular 
thereto. The center lines of these short tubes, which were parallel to 
the model center line, were located the same radial distance from the 
model center as were the midpoints of annular passage numbers 4, 5, 
and 6. (See fig. 16.) The exit ends of the short tubes were located 
about l/32 inch upstream of the simulated reactor entrance; consequently, 
Freon entered the model in annuli 4, 5, and 6 in a direction parallel 
with the airstreem. Injection tubes were located simultaneously at the 
45O position in all four quadrants. 

INSTE?UMENTATION 

For test configuration 1 (fig. 2), flow measurements were made in 
the venturi meter, at the orifice plate in the simulated reactor (sta- 
tion 3), and in the cylindrical duct upstream of the reactor. The 
instrumentation in the orifice plate consisted of a pressure orifice on 
both the upstream and downstream face in each of the four quadrants of 
the nine annuli. Instrument,ation upstream of the reactor was limited 
to a single total-pressure tube (designated as Hla), which determined 
the mean total pressure since the velocity was extremely small in this 
region. 

For test configuration 2, instrumentation, in addition to that for 
test configuration 1, consisted of wall static-pressure orifices in the 
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inlet annulus and traversing total-pressure instruments in the inlet 
annulus at stations 2i and 2e. Both the total-pressure survey instru- 
ments and wall static-pressure orifices were located at four circumfer- 
ential positions, on a 45 o location in each quadrant; unless noted other- 
wise, all instrumentation discussed hereafter may be assumed to be located 
similarly. Surveys at stations 2i and 2e were not made simultaneously. 
The total-pressure tube of station la was moved to a position upstream 
from the inlet snnulus. 

The instrumentation for test configuration 3 included, that for test 
configuration 2 in addition to instrumentation located in the compressor 
discharge pipes. The total-pressure tube Hla was omitted. A special 
tube was used for determining the whirl angle of the flow at stations 2i 
and 2e. Four wall static-pressure orifices and a single total-pressure 
tube were located in each of the compressor discharge pipes at station 1 
and in each throat of the venturi meters located at station B. For 
this and later test configurations, station 1 was the reference sta- 
tion, replacing the station for other test configurations which was 
designated la. 

Instrumentation for test configuration 4 consisted of that for test 
configuration 3 in addition to longitudinal wall static-pressure orifices 
on both walls of the exit annulus, traversing total-pressure rakes in the 
exit annulus at station 6, traversing total-pressure and whirl-angle rakes 
in the exit snnulus at stations 7 and 8, and four wall static-pressure 
orifices and a total-pressure tube in the throat of each venturi meter 
at station 9. Station 6 was located in the upstream part of the exit 
annulus and immediately downstream of the header‘ section at the discharge 
of the simulated reactor, station 7 was in the exit annulus at the 
entrance to the section in which the large area increase occurred, and 
station 8 was upstream of the exit collector ring. Surveys in this 
annulus, as noted previously for the inlet snnulus, were made at one 
station at a time. 

A traversing rake consisting of two O.&O-inch-diameter, total- 
pressure tubes spaced 0.08 inch between centers was located at the 

45O position in quadrant A, 2$ inches downstream from the upstream end 

of the simulated reactor passages. This rake permitted total-pressure 
measurements from the outer to inner wall of each annulus. 

The two primary parts of the instrumentation necessary for deter- 
mining the specific gravity of the Freon and air mixture were sampling 
tubes and an instrument for measuring the specific gravity. One sampling 
tube was located in each turbine inlet p.ipe, approximately midway between 
the exit collector ring and station 9. The cylindrical sampling tube 
was placed transverse to the flow with three holes at the leading edge 
which were located to sample segments of equal area. Each tube was, 
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located at 45O relative to either the horizontal or vertical planes. The 
instrument for determining the specific gravity was a commercial instru- 
ment which operated on a mechanical principle and determined the specific 
gravity of the Freon and air mixture relative to that of some reference 
gas - The accuracy of this instrument was about 210 percent for Freon-to- 
air concentrations of 1 percent by volume. 

TESTPROCEDIJFE 

Tests were conducted with test configurations 1, 2, 3, and 4 in 
that order. The primary purpose of testing configuration 1 was to develop 

, an orifice configuration which at a passage inlet Mach number of 0.135 
would produce in each passage a total-pressure loss between stations la 

T 
t 

1 and 4 equal to approximately 9.3 times the dynamic pressure in the pas- t 
4 sage at the inlet. Such an aerodynamic configuration was required to 
L simulate the flow resistance of the reactor. The secondary purpose was 

to determine the flow coefficient of the final orifice srrangement in 
each annulus in order that the orifices could be used as flow measuring 
devices. As noted previously, each annulus was tested with all other 
annuli sealed at their inlets. In addition, configuration 1 was tested 
with all annuli open, with and without the rear strut in place. The pur- 
poses of the tests were to determine the uniformity of the flow distribu- 
tion in the simulated reactor without the rear strut, and to determine 
the nonuniformity of the flow due to strut blockage. 

Configurations 2, 3, and 4 were tested for the purpose of determining 
the effect-of a single duct element or a group of duct elements on the 
distribution of mass flow per unit area in the simulated reactor, for the 
purpose of determining whether the total-pressure loss of a particular 
duct element was,excessive, and for the purpose of determining the gen- 
eral flow characteristics of each duct element. The aforementioned 
objectives dictated a test procedure whereby the complete model assembly 
had to be broken up into sections for individual testing. Configura- 
tions 2, 3, and 4 represent the breakdown adopted. 

Configuration 2 permitted the evaluation of the inlet annulus and 
header section design relative to the reactor mass-flow distribution and 
total-pressure loss characteristics. Similarly, configuration 3 per- 
mitted evaluation of the inlet-collector design. With respect to the 
ducting downstream from the simulated reactor, the ,design in the immediate 
region of the exit header section was considered to be the only unit which 
could affect the reactor mass-flow distribution appreciably; therefore, 
the downstream ducting was evaluated with the complete model assembled, 
configuration 4. During the investigation, changes to certain duct ele- 
ments appeared desirable; some of these desirable changes were made and 
tested with the complete model configuration, test configuration 4. 
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Table I lists the various test configurations and the particular original 
or redesigned duct elements tested with each configuration. In general, 
all configurations were tested over the largest flow range permitted by 
the equipment in order to obtain an indication of Reynolds number effects. 

A limited number of tests were conducted with test configuration 4c 
with various compressor discharge and turbine inlet pipes closed. Since 
these investigations were intended to represent conditions prevailing 
when certain of the four engines were not in use, it was always necessary 
to have corresponding turbine and compressor pipes shut simultaneously. 
For these asymmetrical test conditions, as for the symmetrical test con- 
ditions, the mass flow per unit area in the compressor discharge and tur- 
bine inlet pipes was adjusted to within fl percent of the mean mass flow 
per unit area in the pipes. through which air was flowing. The corre- 
sponding total-pressure deviation in any pipe at design Mach number 
never exceeded O.l5(H - plvl. 

BASIS OF CCML'ARISON 

The performance indices of most importance in the subject investi- 
gation were the distribution of mass flow and the total-pressure loss 
coefficient. The distribution of flow in a particular duct element is 
generally presented as the percent deviation from the mean mass flow per 
unit area in that particular duct element. The total-pressure loss is 
generally presented as the difference from the mass-weighted total pres- 
sure in the four compressor discharge pipes, al, and the station of 
interest. The loss, in most cases, is presented in terms of a calculated 
compressible dynamic pressure at station 1, ,cH - p&d. This is the 

pressure corresponding to an assumed rectangular velocity profile, an 
air-flow quantity corresponding to that measured by the venturi meters 
at station B, a flow area corresponding to the sum of the area of the 
pipes at station 1 through which air was flowing, and a total pres- 

sure al. The p==eter EH - P),J is convenient for use in making 

engine performance estimates since it is a one-dimensional quantity 
which satisfies continuity. Conversion factors which permit evaluating 
similsr one-dimensional values of compressible dynamic pressure at other 
duct stations in addition to mass-weighted mean values are also presented 
in order to facilitate further aerodynamic analysis of the performance of 
individual duct elements. Similarly, one-dimensional values of Reynolds 
and Mach numbers, Rv and Mv, were evaluated and are presented. In the 
case of station 3, ii3 is defined as a one-dimensional value of Mach num- 
ber corresponding to the mass-weighted total pressure and the total mass 
flow of the nine reactor passages as measured by the orifices in the 
multiorifice plate. 
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Results of the gas sampling tests are presented as the percentage 
concentration of Freon to that of air noted in a particular turbine inlet 
pipe to the mean concentration of Freon to air in the turbine inlet pipes 
through which the mixture was flowing. 

RESULTS AND DISCUSSION 

STATION CONVERSION DATA 

Pertinent information necessary to facilitate comparison of data 
for the various test configurations and to permit further analysis of 
these data is presented in figure 17. The relations of test Reynolds 
number Rv2i and Mach numbers MVL, %zi, %2e, J$7> q8, and %4 
are presented as a function of mean simulated-reactor passage Mach num- 
ber %f3 in figure 17(a). The relations of the ratio of calculated 
dynsmic pressure at station 1 and the calculated dynamic pressures at 
stations 2i, 2e, 3, 4, 7, and 8 are shown as a function of mean passage 
Mach number in figure 17(b). The relation of the ratio of the calcu- 
lated dynsmic pressure and the measured dynamic pressure at stations 1, 
2i, 2e, 7, and 8 is shown as a function of mean passage Mach number in 
figure 17(c). Figure 17 permits converting the data into terms of con- 
ditions at any reference station desired. The Reynolds number obtained 
at design Mach number is 240,000, which is 15.8 percent of the full- 
scale Reynolds number. A range of Reynolds number between 162,500 and 
288,000 was covered in the test. Design Mach number at the inlet and 
exit of the simulated reactor, stations 3 and 4, was 0.135 and 0.22, . 
respectively. 

PFRFORMANCEOF TRE SIMULATEDREACTORUNDER 

IDEAL INLET CONDITIONS 

Before the investigation of the duct system could proceed, it was 
necessary to develop a satisfactory orifice configuration and to cali- 
brate the simulated reactor under ideal conditions similar to those 
imposed by test configuration 1. The simulated reactor which met the 
prescribed performance is that shown in figure 5; data from tests of 
this reactor under ideal inlet conditions (configuration 1) are pre- 
sented in figures 18, 19, and 20. The loss coefficients of each pas- 
sage of the reactor are presented as a function of reactor passage Mach 
number in figure 18. The loss coefficients at design Mach number 0.135 
vary from 10.17 for annulus 1 to 9.38 for annulus 9. This represents a 
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variation of H3 - % of about 8 percent. The fact that the mean loss 
9 

coefficient of all annuli was approximately 9.8 instead of 9.3, the 
design loss coefficient, was not considered significant because the coef- 
ficient was so large in order of magnitude. Figure 19 presents the vari- 
ation of the mean mass flow per unit area for each annulus in terms of 
percentage of the mean mass flow per unit area for the entire model for 
the condition where all snnuli were operating in parallel. Data are pre- 
sented over a passage Mach number range of 0.095 to 0.152. The maximum 
variation of mass flow per unit area for the Mach number nearest to 
design (0.138), with the exception of annulus 1, was from 0.55 (annulus 7) 
to -0.62 percent (annulus 2). ~nnulus 1 was deficient by 6.48 percent; 
this deficiency was attributed to the rear strut located near the exit of 
the simulated reactor, which effectively reduced the annulus exit area 
39 percent. (See fig. 6(b).) Data taken during another set of runs 
indicated that the maximum variation of mass flow per unit area at a Mach 
number of 0.140 was kO.4 percent with the rear strut removed. In addi- 
tion to the variations between annuli, there were also some variations 
between quadrants in any one annulus. These data sre presented in fig- 
ure 20 at a Mach number nearest the design. The variations were small, 
most data falling within to.4 percent. The results of the orifice cali- 
bration tests are presented in figure 21 as a function of Mach number. 
The data indicate the effect of Mach (or Reynolds) number to be small and 
the magnitude of the orifice coefficients to conform to standard values 
for bellmouthed orifices. 

PEEiFORMANCE OF THE DUCT SYSTEM UPSTREAM OF TKE ORIFICE 

PLATE INTRESlMULClTEDREACTOR 

Pressure and Velocity Distributions 

Inlet annulus and header, ideal inlet.- The radial variation of the 
ratio of-the local to then mean velocity at the inlet station of the inlet 
annulus, station 2i, for test configuration 2 is shown in figure 22. 
Variations in distribution with changes in Mach number were negligible, 
as were variations between the four quadrants at which surveys were made. 
The outer-wall portion of the bellmouthed inlet located immediately 
upstream of station 2i produced somewhat thicker boundary layers than 
did the center portion; however, the flow was representative of an ideal 
inlet. \ 

The wall static-pressure measurements along the length of the inlet 
snnulus for test configuration 2 are represented nondimensionally in fig- 
ure 23 as the ratio of the difference between the static pressure at the 
fictitious station v2i snd the local static pressure to the dynamic 
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pressure at the fictitious station 63.. This static-pressure drop coef- 
ficient is plotted against the nondimensional flow length along the pas- 
sage center line. The static-pressure deviations between quadrants in 
any one transverse plane were not large; therefore, the points plotted 
are presented as an average of the four quadrants. The curve fairings 
are somewhat arbitrary because several times the available number of 
longitudinal stations would be required to obtain an accurate trace of 
the static-pressure changes. The curves indicate that, at corresponding 
locations on the inner and outer walls, differences in the coefficient 
of as much as 0.08 existed. These differences were presumably set up by 
a combination of centrifugal forces and changes in local wall shape and 
were not considered serious. No evidence of appreciable change in the 
coefficient with speed is apparent up to the entrance of the diffuser 
preceding the header plate. 'Downstream from this point, there are indi- 
cations of depreciating performance with increasing speed or Reynolds 
number and this is a typical diffuser effect. Its seriousness cannot be 
evaluated without consideration of the total-pressure-loss data to be 
discussed in a following section. The overall static-pressure drop coef- 
ficient for the approximately constant area portion of the inlet annulus 
was about 0.44, which is larger than the total-pressure loss coefficient 
by the amount of increase in mean dynamic pressure due to changes in 
velocity distribution and density. 

The radial variation of total pressure at the exit station of the 
inlet annulus, station 2e, for test configuration 2 is shown in figure 24. 
Variations in distribution between the four survey quadrants were negli- 
gible, except in a small region near the inner wall; however, extremely 
large radial variations were present. The highest loss,. l.ly(H - P),~~, 
occurred at the inner wall adjacent to the header plate, while the mini- 
mum loss, O-l4(H - PIv2ir occurred at the 75-percent-area point, refer- 
enced to the inner wall. The same data are plotted as a velocity distri- 
bution in figure 25. The distorted condition of the boundary layer on 
the inner wall is apparent, with magnitudes of the velocity in this 
region ranging from 8 to 35 percent of the mean velocity according to 
what quadrant is considered. The peak velocity obtained was 140 percent 
of the mean. The velocity distribution is what might be expected down- 
stream from the large and rapid increase in area (equivalent to a 28’ 
conical diffuser) adjacent to the header plate. The boundary lsyer at 
the entrance to this increasing area section was probably thick, which 
penalized the performance further. The boundary-layer profiles for sta- 
tion 2e were such that flow separation and instabilities are likely to 
occur at full-scale Reynolds number. 

Inlet-collector-ring exit.- Radial variations of the angle at which 
the flow is whirling (whirl angle), the total pressure, and the ratio of 
the local to the mean velocity at station 21 for test configuration 3 
are shown in figures 26, q, and 28, respectively. Variations in the 
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distributions with Mach number were again negligible; however, variations 
between the four survey quadrants were large. The whirl angles of the 
flow increased gradually from approximately 0' near the outer wall to 
approximately lfj" about midway between the outer and inner walls, and 
were essentially constant thereafter. (See fig. 26.) The flow in quad- 
rants A and D whirled counterclockwise whereas the flow in quadrants B 
and C whirled clockwise as viewed from downstream; this variation appears 
logical when one considers the details of the inlet collector ring and 
the circumferential locations of the four survey quadrants. 

The loss of total pressure in the four quadrants, figure 27, was 
approximately equal at the outer wall and was large in magnitude. The 
loss in quadrants A and I3 decreased progressively over the larger portion 
of the duct width from the high value near the outer wall to a low value 
near the inner wall. The loss in quadrants C and D was practically con- 
stant and was large over the major portion of the duct width. 

Velocity distributions developed from these data and presented in 
figure 28 indicate maximum velocities for quadrants A and B to be approxi- 
mately equal and to be 125 percent of the mean velocity. The maximum 
velocities for quadrants C and D were approximately equal, but only 
90 percent of the mean. The boundary lsyer occupied a relatively small 
percentage of the inlet area and presumably represented only minor losses 
of energy. The velocity profiles realized with an ideal inlet flow, test 
configuration 2, are presented in this figure for comparison purposes. 
The unsymmetrical flow and, consequently, the gross deviation from that 
obtained with an ideal inlet flow is attributed directly to the inlet 
collector ring; This unsymmetrical flow would be expected to produce 
greater losses between.station 2i and the simulated reactor than were 
realized with the ideal inlet flow. Improvement in the total-pressure 
distribution at the inlet-collector-ring exit (station 2i) is desirable 
and could possibly be accomplished by relieving the sharp radius of turn 
on the outer wall of all quadrants of the collector-ring exit (see fig. 9) 
in order to reduce the losses shown in figure 27 in this region. 

Inlet header, collector ring in place.- Results of surveys at sta- 
tion 2e obtained with the inlet collector ring in place, test configura- 
tion 3, are shown in figures 29, 30, and 31. Variations in the distri- 
butions with Mach number were small; however, variations between the 
four quadrants at which surveys were made, although being considerably 
less than at station 2i for the same test configuration, were sipificant. 
The whirl angle of the flow was small, never increasing beyond 8 . (See 
fig. 29.) The radial variations of total pressure (fig. 30) were large; 
the total-pressure loss for quadrants A and B varied from a value of 
2.25@ - P),~ at the inner wall to a low of 0.74(H - P),~ near the 
outer wall. Total-pressure losses in quadrants C and D were less in the 
inner half, but larger in the outer half. 
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The same data are plotted in figure 31 as velocity distributions in 
terms of the mean velocity. The variations between velocities in the 
four quadrants were small near the inner wall, but quite large in a sec- 
tion near the outer wall that represented about 60 percent of the annulus 
area. The maximum velocities for quadrants A and B were approximately 
equal and 135 percent of the mean. The maximum velocities for quad- 
rants C and D were approximately equal but only 112 percent of the mean. 
The decrease in the circumferential variations obtained between sta- 
tions 2i and 2e resulted from natural mixing which was probably accel- 
erated by the whirling motion of the flow known to be present in the 
inlet annulus. Figure 31 also indicates practically no boundary layer 
on the outer wall, and boundary lsyers at the inner wall which extended 
over 90 percent of the duct area. Comparison of these profiles with 
those obtained with an ideal inlet flow, test configuration 2, indicates 
the effects of the inlet collector ring to be favorable with respect to 
radial distributions but unfavorable with respect to the circumferential 
variations. The improvement in radial distribution was realized by a 
radial shifting of the flow toward the inner wall, which originated at 
the collector-ring exit, resulting in significantly greater velocities 
in a region near the inner wall that represented approximately 30 per- 
cent of the annulus area and slightly lower velocities in the remaining 
portions. 

Redesigned inlet header.- With the inlet collector ring in place; 
the velocity distributions at station 2e were substantially better than 
obtained without the collector ring but were not considered satisfactory; 
consequently, efforts were directed towards improving the velocity dis- 
tributions. A reduction in the rate of area change in the diffuser sec- 
tion adjacent to the header plate was the most obvious solution; there- 
fore, a hesder plate designed to provide an increasing area section 
which expanded'at a rate equivalent to that of a 12' conical diffuser 
was constructed. In designing the header plate, an effort was also 
made to maintain constant velocity as the flow progressed from the exit 
of the diffuser section towards the center line of the model; this was 
not feasible near the model center as the distance between the header 
and the upstream end of the simulated reactor was prescribed. Drawings 
and dimensions of this header plate, number 2, are shown in figure 7. 
The redesigned header plate was tested with the complete model, con- 
figuration 4b. Radial variations of performance indices obtained from 
measurements at station 2e for test configuration 4b are shown in fig- 
ure 32. Also presented are data from figures 30 and 31 which were 
obtained with test configuration 3 and header plate 1. The differences 
between data for these two configurations were due only to changes in 
the header plate since tests with configuration 4 with the original 
header plate showed the model components downstream of the reactor to 
have no influence on the total-pressure characteristics of the upstream 
components. Significant circumferential variations were again observed 
because no action was undertaken to reduce them. The radial variations 
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Of total-pressure loss coefficient were large, 
l-8@ - P),l 

varying from approximately 
near the outer wall to approximately 0.7(H - P),~ at the 

YO-percent-area point (referenced from the inner wall). However, header 
plate 2 was responsible for significant decreases in the total-pressure 
losses between the inner wall and the 90-percent-area point, which pro- 
duced significant improvements in the velocity profiles. Increased 
velocities were obtained near the inner wall and decreased velocities 
near the outer wall. To be more specific, the minimum mean velocity 
for the four quadrants (observed near the inner wall) and the maximum 
mean velocity (observed at the 90-percent-area location) were 50 and 
107 percent of the calculated velocity; whereas, with header plate 1, 
the mean velocities were 30 and 127 percent, respectively. The velocity 
profiles obtained with header plate 2 were not ideal, but were considered 
satisfactory since the profiles indicated little likelihood of flow 

$ 
separation and instabilities at full-scale Reynolds number. 

! k 1 
I 

Simulated-reactor inlet profiles.- Results from total-pressure sur- 

d. 
veys in each of the nine annuli of the simulated reactor 2; inches down- 

3 f+ 
stream from the leading edge are presented in figure 33. These data were 
obtained with test configuration kc. Results for a particular annulus 

/ are presented in terms of Hlocal Hmsx, I 
and are plotted against percent 

of the distance across the annulus. At the wall positions, the curves 
have been faired to values corresponding to static pressures computed 
from the reactor mass-flow data and the total pressure H3 in that par- 

,'.. 
4 

titular annulus (where H3 is the stagnation pressure on the upstream 
/' $j 

Y face of the orifice plate in the reactor). Surveys were made at a mean 
reactor passage Mach number M3 of approximately 0.135. Results from 
the two survey tubes have been superimposed in figure 33 and, in most 
circumstances, form a single well-defined curve. Readings from the two 
total-pressure tubes in annulus 1 were not in perfect agreement. The 
air flowing into this annulus was complicated somewhat by the main stem 
of the survey rake which was located immediately upstream of the leading 
edge of the annulus. Interference effects, which changed with radial 
position of the survey tubes, could not be eliminated and were considered 
possible causes of these minor differences. These effects were not noted 
in the other eight annuli. For annuli 2 to 8, the maximum total-pressure 
location occurred at approximately the 90-percent-gap location. Between 
the location of maximum total pressure and the outer wall, the total 
pressures decreased gradually at a rate which depended on the annulus 
location. Annulus 3 had a total-pressure ratio near the outer wall of 
0.9877, which is equivalent to a V/Vm, of 0.49; this value was lower 
than noted for any other annuli. For annulus 1, the location of maximum 
velocity was at the lo-percent location. For annulus 9, the total- 
pressure distribution was practically constant across the entire annulus 
or gap. Flow into the nine passages was steady; no evidence of actual 
or incipient flow separation was noted. 
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Simulated-reactor total pressures.- The total-pressure loss between 
the referenceestation la for test configuration 2 (inlet annulus with 
ideal inlet) and the face of the orifice plate, station 3, as measured 
by the upstream pressure orifices on the orifice plate, is presented as 
a function of Mach number in figure 34. The vertical displacement of 
the curves indicates the variation of total pressure with position of 
the passage in the reactor. The loss coefficient tended to increase 
with Mach number since it was partially determined by the diffuser per- 
formance, which was shown in figure 23 to deteriorate with increasing 
Mach number. This tendency was less in passages 6 to 9, probably because 
of the larger friction losses in these passages. The losses in the vari- 
ous passages tended to decrease progressively with increasing passage 
number with the exception of passage 9, which had large losses. The 
boundary layer which developed in the diffuser along the header plate 
obviously affected the loss coefficient of the inner passages. The high 
loss in passage 9 was probably due to the fact that the air entering 
this passage consisted of the outer-wall boundary layer. 

Similar data for tests with the collector ring in place (configura- 
tion 3) are presented in figures 35 and 36. Data in these two figures 
were obtained with the same model configuration. Data in figure 35 were 
obtained simultaneously with surveys at station 2i and data in figure 36 
were obtained simultaneously with surveys at station 2e. The trends of 
these curves with Mach number are the same as observed with test con- 
figuration 2, as is the orientation of the curves for the various pas- 
sages. The only effect of the inlet collector ring on the loss coeffi- 
cients to station 3 was a change in the magnitude. Loss coefficients 
in each annulus in figure 36 are larger (by 6 percent or less) than the 
loss coefficients for the corresponding annuli presented in figure 35. 
Data for figure 36 were obtained at a later date than were data for fig- 
ure 35; minor uncontrollable changes in contour of the wooden collector 
ring were probably responsible for these changes. Almost identical loss 
coefficients with those in figure 36 were observed with test configura- 
tion 4a; however, data for test configuration 4b (header plate 2) pre- 
sented in figure 37 indicate,somewhat lower loss coefficients in all 
annuli. The loss coefficients decreased with increases in Mach number 
below the design value and remained practically constant for increases 
in Mach number above the design value. The orientation of the loss coef- 
ficients for the various annuli remained unchanged. The changes in loss 
coefficient to station 3 were small but favorable. Results from test 
configuration 4c (header plate 2, guide vane configuration 2, and rear 
strut 2) shown in figure 38 were similar to those in figure 37. A cross 
plot of the data from figure 38 is shown in figure 39 to illustrate the 
variation in loss coefficient between passages. Only data at design 
%ch number are presented. The effect of the thick boundary layer 
adjacent to the header plate on the total-pressure distribution within 
the reactor is evident. 

The circumferential variations in flow pattern which originated in 
the inlet collector ring and were observed, for test configurations 3, 
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k 4b, and 4c, at the inlet-collector-ring exit and throughout the 
inlet annulus were still present to some extent in the simulated reactor 
at station 3 and are presented in figure 40. The percentage deviation 
of the total pressure in a particular quadrant at station 3 from the 
mesn total pressure at.station 3 is p.resented for test configuration 4c 
as a function of annulus number for a Mach number M3 of 0.135. At 
design speed, the deviations increased gradually from a value of 22 per- 
cent for annulus 1 to a maximum of f10 percent for annuli 6, 7, and 8, 
then decreased to approximately *3 percent for annulus 9. These varia- 
tions, although substantially larger than noted for ideal inlet condi- 
tions, were not considered serious. 

Mean Loss Coefficients 

Referenced to %l or H1a.w The mass-weighted mean loss coefficients 
up to the two inlet annulus stations and the orifice plate observed with 
test configuration 2 (inlet annulus with ideal inlet) are presented as 
functions of Mach number in figure 41. The loss coefficient to sta- 
tion 2i was practically constant with Mach number; however, the loss 
coefficients to stations 2e and 3, which were both located downstream 
of the diffusing section, increased gradually with increasing Mach num- 
ber. The variations between quadrants were small. Similar mass-weighted 
loss-coefficient data obtained with test configuration 3 (inlet annulus 
with collector ring) are presented in figure 42. As previously noted, 
variations in'contour of the inlet collector ring occurred in the time 
interval between total-pressure surveys at stations 2i and 2e. There- 
fore, the loss coefficients to station 3, both before and after the 
changes, are presented in order to determine the losses of the individ- 
ual duct elements. Mass-weighted loss-coefficient data to stations 2e 
and 3 for test configuration 4b (redesigned header plate) are shown in 
figure 43. Differences between the loss coefficients on figures 42 and 
43 for either station 2e or 3 are due to changes in the header plate, 
since data for test configuration 4a (not included) showed the model 
components downstream of the reactor to have no effect on the loss of 
total pressure upstream of the simulated reactor. Variations in loss 
coefficient with Mach number in both figures 42 and 43 are small; how- 
ever, the variations between quadrants are large. The redesigned header 
plate was responsible for decreases in the loss coefficient to sta- 
tions 2e and 3. A more detailed study of this will be made in the 
following paragraph. 

Individual duct elements.- The loss coefficients of each duct ele- 
ment upstream from station 3 for test configurations 2, 3, and 4b were 
determined from figures 41, 42, and 43,and are presented as a function 
of Mach number in figure @t. The mean loss coefficient of the inlet 
collector ring decreased with increasing Mach number. At design Mach 
number, the collector ring loss coefficient was 0.64, which is equiva- -- 
lent to a total-pressure ratio Hz+1 of 0.98 and was not considered 
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to be excessive. A characteristic with increasing Mach number of an 
increasing loss coefficient for the inlet annulus and a decreasing loss 
coefficient for the duct element between stations 2e and 3 was observed 
with test configuration 2. This is opposite from trends noted for test 
configuration 3. The values of losses obtained at the design Mach num- 
ber are summarized in the following table: 

(1) In~~t2;~llector ring (from station 1 
. . . . . . . . . . . . . . . 

(2) Inlet annulus including the diffuser 
(from station 2i to 2e) 

(a) Calculated friction . . . . . . 
(b) Turning and diffusion . . . . . 

Totals of (a) and (b) . . . . . 

(3) Header and upstream reactor passages 
(from station 2e to 3) . . . . . . . 

Total............ 

Loss of total pressure in terms 
of (H - P),~; E3 = 0.135 for - 

Test 
:onfiguration 2 

0.640 0.640 

0.297 0.297 0.297 
0.206 0.173 0.031 

0.503 0.470 0.328 

0.230 
0.733 

Test 
configuration 3 
(header plate 1) 

Test 
configuration 4b 
(header plate 2) 

0.392 
izy3 

With the collector ring in place, the presence at station 2i of 
large circumferential and radial variations in the flow and the exist- 
ence of large whirl angles unquestionably resulted in total-pressure 
losses in the inlet annulus (between stations 2i and 2e) from turbulent- 
mixing. Such losses would be significantly greater than would have 
occurred hsd this unusual inlet flow not existed. Therefore, the lower 
loss coefficient of the inlet annulus with configuration 3 relative to 
the loss coefficient observed with configuration 2 can be accounted for 
only by an improvement in the diffuser performance. The unfavorable 
effect of the inlet collector ring on the loss of total pressure between 
stations 2e and 3 can probably be associated with the significant changes 
in mass-flow distribution which must have occurred between station 2e 
and the entrance to the simulated reactor with the collector in place 
since circumferential variations in mass-flow rate between the four quad- 
rants of the simulated reactor were -?J3/4 percent of the mean mass-flow 
rate; whereas, variations in mass-flow rate between the four quadrants 
at the exit station of the inlet annulus, station 2e, were about 7 per- 
cent of the mean. Header plate 2 effectively reduced the loss of total 
pressure in the inlet annulus and increased the loss between stations 2e 
and 3. Reasons for the decrease in loss in the inlet annulus are obvi- 
ous; however, data were not sufficient to determine the reasons for the 
increased loss between stations 2e and 3. 
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Symmetrical Conditions 

From the operational standpoint of the reactor, the magnitudes of 
the deviations in mass flow per unit area in each of the nine annuli 
relative to the mean mass flow per unit area were of great importance. 
Limits on the deviations were, therefore, specified to be *5 percent; 
these limits have been used throughout this investigation as a gage for 
determining whether results obtained with a particular configuration 
were acceptable. The z&percent limit was not considered applicable to 
annulus 1 in view of the large blockage due to the rear strut in this 
annulus and in view of the low air-flow capacity of this snnulus~ 

The variations in mass flow per unit area in the various passages 
of the simulated reactor for test configuration 2 are presented as a func- 
tion of the Mach nuaiber'at the inlet-annulus inlet station in figure 45. 
The curves group between 3.1 and -2.3 percent of the mean for annuli 2 
to 9; annulus 1, however, was deficient by a maximum of 10.3 percent. 
The trends with increasing Mach number or Reynolds number are favorable 
at speeds above the design value, Mv2i = 0.259. Reactor mass-flow devi- 
ations for test configuration 1 (ideal inlet to reactor, fig. 19) were 
significantly less than for test configuration 2; maximum deviations, 
with the exception of snnulus 1, of 0.9 and--O.85 percent occurred in 
passages 3 and 9, respectively. The increase in mass-flow deviations 
caused by the addition of the inlet annulus is attributed to the nonuni- 
form radial total-pressure distribution in the header section (figs. 24 
ad 3). 

Similar data obtained for test configurations 3, ba, 4b, and 4c are 
presented in figures 46, 47, 48, and 49, respectively. The orientations 
of the curves for the various passages were, except for passages 6, 7, 
and 8 in fi,gure 49, essentially the same for each configuration. The 
addition of both the inlet collector ring and the duct elements located 
downstream from the simulated reactor increased the magnitudes of the 
deviations. Data for the complete model shown in figure 47 were obtained 
before any alterations to the individual duct elements were made; the 
curves group between -8.2 percent, for annulus 2, and 7.6 percent, for 
annulus 8. Annulus 1 was deficient by a maximum of 16.4 percent. Header 
plate 2 had little effect on the deviation; however, guide vane configu- 
ration 2 reduced the deviations substantially in spite of the fact that 
the tests included rear strut 2, which had poorer characteristics in this 
respect than rear strut 1. 

Figure 50, a cross plot of mass-flow deviations at design Mach num- 
ber, a3 = 0.135, for the model configurations in the last five figures, 
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permits a better comparison of the data. This figure shows that at design 
speed with the complete model assembly, guide vane configuration 2 was the 
only configuration which produced mass-flow deviations in snnuli 2 to 9 
which fell within the allowable limits. In fact, with this arrangement, 
only the deviation in annulus 2 was greater than 3&~ percent with the 
exception of annulus 1, which was deficient by 12.1 percent. The dis- 
tribution of flow obtained with this configuration (4~) was considered 
satisfactory; consequently, no further changes were made. 

Asymmetrical Conditions 

The percentage deviations in mass flow per unit area in the simu- 
lated reactor passages from the mean mass flow per unit area for the 
six asymmetrical conditions for which tests-were conducted are presented 
as a function of mean passage Mach number M5 in figures 51 to 56. Data 
on these figures were obtained with test configuration kc. The trends 
with increasing Mach number as well as the orientation of the curves for 
the various annuli are similar to results obtained with symmetrical flow. 
The deviations for several of the asymmetrical conditions increased 
grossly relative to those observed for symmetrical conditions as is indi- 
cated clearly by figure 57, which consists of cross plots of figures 51 
to 56. Results for a symmetrical condition at design Mach number are 
included for comparison purposes. Results for the asymmetrical condi- 
tions are presented at some percentage of design Mach number, dependent 
upon the number of pipes open (75 percent for three pipes, 50 percent 
for two pipes, etc.). With the compressor and turbine operating at' 
design rating, that is, the same operating positions on the performance 
curves as for the complete model at design speed, the Mach number in the 
simulated reactor for the various asymmetrical conditions would corre- 
spond to those for which data in figure 57 are presented. With pipe 3 
closed, the deviations change little relative.to those for the symmetri- 
cal condition; with pipe 4 closed, the only significant change was in 
annulus lwhere the deviation increased to 25 percent. With pipes 1 and 
4 and pipes 2 and 3 closed, the deviations in annuli 1 and 2 were large; 
however, deviations in the remaining annuli were less than 7 percent. 
For the two conditions having three pipes closed, no annulus had devia- 
tions within the 5-percent limit. In annulus 1, there was little, if 
any, flow (deviation of -100 percent), while in annulus 9 the deviation 
was 62 percent. The other condition having three pipes (1, 2, and 4) 
closed had deviations of somewhat less magnitude, -100 percent in snnu- 
lus 1 and a maximum surplus in any annulus of 18 percent. According to 
the mass-flow deviation limits adopted, none of the cases where more 
than one pipe was closed (less than three-engine operation) would be 
satisfactory. 
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Circumferential Variations for Both Symmetrical 

and Asymmetrical Conditions 

The circumferential variations in mass flow per unit area are pre- 
sented in figure 58. Results expressed in terms of the percentage devia- 
tions of mass flow per unit area from the annulus mean mass flow per unit 
area are presented for each quadrant as a function of annulus number. 
The deviations in a particular quadrant were quite erratic from annulus 
to a.Ilnulus. The deviations noted for the symmetrical flow case varied 
between approximately kl percent. The variations increased as the num- 
ber of closed compressor discharge and turbine inlet pipes increased; 
maximum variations occurred in quadrants A and C when pipes 2, 3, and 4 
were closed. These variations are -56 and 53 percent, respectively. 

PERFORMANCE OF THE OVERALL DUCT SYSTEM 

Symmetrical Conditions 

i i 5~ 

- ,' 

The loss of total pressure between stations 1 and 9, essentially 
the loss for the entire duct system, is shown as a function of mean 
reactor passage Mach number in figure 59. Results for two configura- 
tions are presented, &a and 4d. Configuration 4d, not previously dis- 
cussed, used control rod configuration 2 and no guide vanes. Configura- 
tion ha, which has been discussed previously, used both guide vanes and 
rods. The trend of both curves 'with Mach number is the same. In the 
limited Mach number range below 0.105 for which tests were conducted, 
the loss coefficient was nearly constant with increasing Mach number. 
For Mach numbers greater than approximately 0.105, the loss coefficient 
increased rapidly with increasing Mach number. The loss with guide 
vanes was 6.82(H - p)vl at design Mach number; the corresponding loss 
without vanes was 7.27@ - P),~. Figure 60, which presents the loss 

coefficient between stations 1 and 9 for configurations &a and 4b as a 
function of passage Mach number, shows that changes to the header plate 
reduced the loss coefficient over the entire speed range of the test. 
At design Mach number, the loss coefficient was 6.7 with header plate 2, 
representing a,reduction in overall loss of 1.8 percent. Loss coeffi- 
cients obtained with configuration kc, the final configuration, and pre- 
sented in figure 61 were approximately the same as for test configura- 
tion kb. Since the loss coefficient through the simulated reactor varied 
substantially with Mach number (see fig. 18), it was desirable to remove 
this effect from the measured overall losses of the duct system in order 
to determine the Mach or Reynolds number characteristics of the ducting 
exclusive of the orifice plate. For determining this effect, the orifice- 
plate calibration curve (fig. 1.8) was used to adjust the overall-duct- 
system data to a constant orifice-plate loss coefficient of 9.3. The 
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results sre presented in figure 61(b) as a function of Mach number. At 

design Mach number, the adjusted loss coefficient -k-!% was 6.53, 
(H - P),~ 

while the measured loss coefficient was 6.66. At Mach numbers of 0.09 
and 0.145, the adjusted loss coefficients were 6.65 and 6.56, respec- 
tively, while the measured coefficients were 6.26 and 6.96. Thus, prac- 
i&ally all the measured variation of the overall loss coefficient with 
Mach number was due to the orifice-plate characteristics. 

Asymmetrical Conditions 

The overall measured loss coefficients of the model determined with 
asymmetrical conditions are presented as a function of mean passage Mach 
number in figure 62. Also included for comparison purposes are results 
for a symmetrical condition. This figure shows that for the asymmetri- 
cal conditions an increasing number of closed pipes decreased the loss 
coefficient significantly, that the variation in loss coefficient with 
Mach number was small, and that with the outer pipes (number 4 or both 
1 and 4) closed, the loss coefficient was somewhat greater than with the 
inner pipes closed. The reason for the large reduction in loss coeffi- 
cient was because the mas,s flow per unit area throughout the model was 
reduced in proportion to the number of pipes closed; whereas, the dynamic 
pressure on which the coefficient is based was not reduced. A true com- 
parison of the aerodynamic performance may be obtained by multiplying 
the coefficients for the l-, 2-, and +pipe-closed conditions by 1.78, 
4, snd 16, respectively. 

PlBFORMANCE OF THE! DUCT SYSTEM DOWNSTREAM FROM THE 

ORIFICE PLATE IN TECE SIMULATED REACTOR 

Pressure and Velocity Distributions 

Simulated-reactor exit.- Total pressures in the individual annuli --- 
at station 4, expressed in terms of loss coefficients, are presented in 
figure 63 as a function of annulus number. Data in this figure, obtained 
with test configuration 4c, are for one Mach number only, M3 = 0.141. 
The data were not measured directly, but were computed using data at 
stations 3 and 1 and the orifice-plate calibration curve of figure 18. 

The loss coefficient 
ii1 - H4 

increased from a value of 4.95 for 
(H - P),~ 

annulus 1 to 5 -84 at annulus 5, decreased to a value of 5.34 for annuli 7 
and 8, then increased to a value of 5.6 for annulus 9. Similar trends 
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were noted for other header plate, guide vane, and rear strut configura- 
tions. The loss distribution was just opposite from what might normally 
have been expected. The characteristics of the orifice plate, when the 
flow rates were approximately equal, were such that losses through the 
individual annuli at design Mach number were less in the outer annuli 
than in the annuli comprising the center portions. The loss distribution 
to station 3, figure 39, was similar to the loss distribution through the 
simulated reactor. The deficiencies in flow rate through annuli 1, 2, 3, 
and 4 (test configuration 4~) produced lower orifice-plate losses by not 
only reducing the dynamic pressure in the passages but also by reducing 
M3 and thus the orifice loss coefficient, as shown in figure 18. These 
factors were thus responsible for the change in distribution at station 4 
from that normally expected. As themass-flow deviations were, to some 
extent, a function of the total pressure at station 4, it must be con- 
cluded that the orifice-plate characteristics determined to some extent 
the mass-flow deviations. Unless the actual reactor has the same Mach 
number characteristics as the orifice plate (simulated reactor for these 
tests), flow-rate deviations with the actual reactor msy differ somewhat 
from those for the model, especially in annulus number 1. For instance, 
if the loss coefficient of the actual reactor does not vary with changes 
in passage Mach number, mass-flow deviations in the actual reactor will 
be larger than reported herein. 

Exit-header exit.- The results of total-pressure surveys at the 
exit ofexit header (station 6) for test configuration 4c are pre- 
sented in figure 64 for quadrant A. Total-pressure measurements at 
positions in quadrant A other than the 45’ position indicated total 
pressures at station 6 to be asymmetrical due to wakes from model com- 
ponents located upstream (rear strut and control rods); consequently, 
the attainment of reliable data at this station was impractical. The 
curve presented is merely for the purpose of illustrating the general 
type of total-pressure profile obtained at this station. 

Exit annulus.- The wall static-pressure .measur&ents along the 
length of the exit annulus for test configuration 4a are represented 
nondimensionally in figure 65 as the ratio of the difference between 
the static pressure at station 1 and the local static pressure to the 
calculated dynamic pressure at station 1. The static pressures in quad- 
rants A and B were approximately equal and have been averaged and plotted 
in figure 65(a). Similarly, static pressures in quadrants C and D have 
been plotted in figure 65(b). The curve fairings are somewhat arbitrary 
because several times the present number of longitudinal stations would 
have been required to obtain an accurate trace of the static-pressure 
changes. The static pressures on the outer/and iTer walls of the duct 
system were essentially equal at station 6 k = 0 , in the diffuser 

between stations 7 and 8 (& = 6.3), 'D6 ' (,f' ) The and at station 8 - = 7.3 . 
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static-pressure readings cannot be accurately interpreted due to the 
fact that static-pressure changes in the annulus were due to a number 
of inseparable effects, such as changes in local and general directions 
of flow, in velocity distributions, in flow area, and in angle of whirl. 

Exit diffuser.- The results of total-pressure and whirl-angle sur- 
veys in the exit diffuser at stations 7 and 8 are presented in the form 
of radial distributions in figure 66. The total-pressure data at sta- 
tion 7 were obtained with test configuration 4c; the remaining data in 
this figure were obtained with test configuration &a. At station 7, 
total-pressure data in quadrants A and C are available; whirl-angle 
measurements at station 7 .and both total-pressure and whirl-angle meas- 
urements at station 8 are available in all four quadrants. At sta- 
tions 7 and 8, significant circumferential, as well as radial, varia- 
tions of total pressure were observed. Whirl-angle distributions at 
both stations 7 and 8 were practically independent of airspeed; thus, 
the results presented represent an average for all speeds tested. At 
station 7, the whirl-angles were practically zero in a region near the 
outer wall which represented approxtiately 25 percent of the duct area, 
but increased gradually to a maximum angle of approximately 20' near 
the inner wall. The whirl was induced by the exit collector and flows 
fn quadrants A and D whirled in a direction opposite from flows in quad- 
rantsBandC. The whirl angle of the flow increased in the diffuser 
(between stations 7 and 8) reaching, at station 8, a maximum angle of 
approximately 50°. The increase in whirl angle was due to the reduction 
in the axial velocity component due to diffusion. Larger circumferen- 
tial variations were observed at station 8 than at station 7; however, 
the rsdial variations noted were somewhat less than at station 7. 

The total-pressure data from stations 7 and 8 (fig. 66) are plotted 
as velocity distributions in terms of the calculated axial velocities in 
figure 67. The velocities presented are the total velocities; thus, the 
velocity ratios for the quadrants at stations 7 and 8 will not average 
1.0 since the flow was whirling. The velocity distributions were prac- 
tically constant with speed. The variation of velocity between quadrants 
increased in the direction of flow; at station 8, maximum velocities 
varied from 157 percent of the calculated axial velocity (noted for quad- 
rant B) to 86 percent (noted for quadrant D). The boundary layer along 
both walls thickened as the flow progressed through the diffuser. At 
the diffuser exit, station 8, the boundary layers near the inner wall 
in quadrants C and D extended over approximately 40 percent of the duct 
or annulus area. The boundary-layer profiles indicated no actual or 
incipient flow separation. 

Mean Loss Coefficients 

Referenced to El.- The measured mean loss coefficients at sta- 
tions 4, 7, and 8 are presented as a function of mean passage Mach 
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number in figure 68. Data at stations 4 and 7 (as noted for figs. 63 
and 66) were obtained with test configuration kc; whereas, data at sta- 
tion 8 were obtained with test configuration ha. For Mach numbers 
greater than approximately 0.105, the loss coefficient at each station 
increased rapidly with increasing Mach number. The major portion of the 
variation in loss coefficient with Mach number is attributed to the 
orifice-plate characteristics, as previously discussed. At design Mach 
number, the loss coefficients at stations 4, 7, and 8 were 5.4, 5.74, 
and 6.14, respectively. 

Individual duct elements.- Loss-coefficient data for the various 
duct elements downstream from the simulated reactor were necessary for 
estimating the performance of the actual powerplant which, due to the 
heat addition, has different values of design Mach number upstream and 
downstream of the reactor. Loss coefficients for the individual duct 
elements are presented in figure 69 as a function of mean passage Mach 
number. Total-pressure surveys at station 8 were not made for the final 
model configuration (test configuration 4~); thus, it was necessary to 

assume a loss coefficient s-9 

(H - p),l 
for this model configuration equal 

to that measured for the same duct element when tested with test con- 
figuration 4a. In interpreting these data, the Mach number trends should 
be disregarded because the magnitudes of the changes in loss coefficient 
are of the same order as the accuracy of the data. The loss coefficients 
from stations 4 to 7, stations 7 to 8, and stations 8 to 9 were 0.33, 
0.27, and 0.68, respectively, at M3 = 0.135. 

It was impractical to calculate the loss of total pressure due to 
wall friction between stations 4 and 6; however, the duct length between 
the two stations was short and the loss from friction small. The loss 
from friction between stations 6 and 7, however, was calculated to be 
16.5 percent of the measured loss between stations 4 and 7. The total- 
pressure loss associated with flow over the rear strut and control rods 
probably constituted a high percentage of the remaining loss and was not 
considered excessive. 

The measured loss between stations 7 and 8 was equivalent to 
0.39@ - Pi. The loss from wall friction in this duct element was 
approximately 5 percent of the measured loss; consequently, the loss 
from other sources was approximately 0.371(H - p),. The total loss 
in a conical diffuser having the same srea ratio (.1.57:1) and equiva- 
lent conical expansion angle (28O) is 7.5 percent of the inlet dynamic 
pressure. Thus, the loss between stations 7 and 8 (diffusing section) 
from sources other than friction was several times larger than the loss 
in an equivalent conical diffuser including loss from friction. The 
velocity distribution at station 7 was not particularly undesirable, 
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and no evidence of boundary layer separation was obtained at station 8. 
The high loss apparently cannot be attributed to flow separation; con- 
sequently, it must be associated with the whirling motion and resulting 
flow asymmetry induced by the exit collector ring. 

The loss coefficient of the exit collector ring and turbine inlet 

piping 
a3 - fig 

was 0.68. It was estimated that 30 percent of this 
(H - ~1,~ 

loss resulted from friction in the turbine inlet pipes, thus giving a 
net loss through the collector ring of oJ+~(H - ~1,~ or 1.73(H - p)v8. 
This loss of 1.73(H - p)v8 was substantially greater than the 

0.65(H - P),l loss which was measured between station 1 and station 2i 
(through the inlet collector ring and an Is-inch length of compressor 
discharge piping). However, in terms of the dynamic pressure at the 
point of entry of air into the inlet-collector-ring passage, the loss 
coefficient of the inlet collector ring was approximately 1.2, which is 
about 69.5 percent of the exit-collector-ring loss coefficient. The 
remaining 30.5-percent difference cannot be broken down because of 
insufficient data; however, it could be due to a number of reasons, 
that is, differences in inlet conditions, whirl effects, dump and turn 
losses, and exit losses. 

AIR-FLOW TRACING INVESTIGATION 

The scope of the air-flow tracing tests consisted of determining 
whether the flow in the simulated reactor followed a specific path 
throughout the downstream duct elements and whether the techniques used 
were satisfactory. The investigations were conducted with test configu- 
ration 4c. Results are presented in figures 70 and 71. The overall 
quantity of Freon injected into the model was controlled but the manner 
in which the flow divided among the three annuli into which it was 
injected simultaneously (annuli 4, 5, and 6) was uncontrolled. Six test 
conditions were investigated - four symmetrical and two asymmetrical. 
For five of these test conditions, Freon was injected individually in 
quadrants A, B, C, and D; for the sixth condition, Freon was injected 
in quadrantB only. 

Results are presented in figure 70 in terms of percent of mean con- 
centration for the symmetrical condition with approximately constant 
injection in quadrants A, B, C, and D for three airspeeds corresponding 
to values of g3 of approximately 0.112, 0.129, and 0.145. Also 
included are results for a higher percentage injection in quadrant B. 
When the volume of Freon injected in quadrant A was equivalent to 
0.8 percent of the total air-flow volume, the results indicate percent- 
ages of mean concentration in the turbine inlet pipes 1, 2, 3, and 4 



30 NACA RM SL33GBb 

to have been 40, 300, 40, and 20 percent, respectively. With injection 
in quadrant 13, inlet pipes 1, 2, 3, and 4 had percentages of mean con- 
centration of 10, 30, 265, and 93 percent, respectively. Thus, with 
injection in quadrant A, the major part of Freon flowed into pipe 2, 
and with injection in quadrant B, the Freon flowed into pipe 3. With 
injection in quadrants C or D, similar trends were observed. The flow 
paths indicated by the data agreed with what would be expected from the' 
model geometry. Neither increasing nor decreasing the Mach number with 
approximately constant injection had any noticeable effect, nor did 
increasing the percentage injection for a particular Mach number. 

The results for the two asymmetrical conditions, pipe 1 and pipe 2 
closed, obtained at a Mach number M3 of 0.108 with approximately 1 per- 
cent injection are presented in figure 71-r Results for the symmetrical 
test condition for a Mach number fl3 of 0.129 are also included. The 
percentage concentrations are presented as the ordinates and pipe num- 
ber as the abscissa. Lines of constant quadrant of injection are drawn. 
The dashed lines are used to connect the reading for pipes having air 
flow with the readings obtained in closed pipes. For the asymmetrical 
conditions, as noted for the symmetrical conditions, there appeared to 
be a definite concentration pattern in the turbine inlet pipes for each 
quadrant in which Freon was injected. The changes in the distribution 
of air flow between the various annuli of the reactor or even between 
quadrants of a particular annulus resulting from the injection of Freon 
in various quadrants of annuli 4, 5, and 6 were negligible. It is of 
interest to note that closing a particular turbine pipe did not prevent 
a high concentration of Freon from appearing in the pipe if the Freon 
injection pattern was the same as the one which produced this result in 
the symmetrical case (see pipe-e-closed case, quadrant A). 

.SUMMARY OF RESULTS 

The following conclusions are drawn as to the air-flow character- 
istics of the &scale model of the duct system for the General 
Electric P-l nuclear powerplant for aircraft: 

1. The inlet annulus, the inlet collector ring, the rear strut and 
the original design of the exit header section, all increased the mass- 
flow deviations from uniformity in the simulated reactor. 

2. The guide vanes at the exit of the reactor were the most con- 
venient means of reducing mass-flow deviations in the simulated reactor; 
by this means, the deviations in all except annulus 1 were reduced to 
within 7k5 percent of the mean, an improvement of 38 percent relative to 
the complete model deviations before vane alterations. 
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3. Changes to the contour of the inlet header plate had little 
effect on the mass-flow deviations in the simulated reactor. 

4. The mass-flow deviations in the reactor passages increased for 
the asymmetrical conditions as the number of closed compressor discharge 
and turbine inlet pipes increased; with three of the four pipes closed, 
the velocity of air flow was essentially zero in some annuli nesr the 
center of the reactor. 

5. Mass-flow deviations in the simulated reactor for all configura- 
tions tested became smaller with increasing Mach number and Reynolds 
number. 

6. The total-pressure losses in the inlet collector ring were not 
considered excessive. 

7. Although the inlet collector ring established a whirl motion 
and considerable circumferential asymmetry in the flow, the velocity 
profiles in the inlet annulus exit station (station 2e) were improved, 
the loss of the inlet annulus and diffuser (stations 2i to 2e) was 
reduced by 6.5 percent, and the loss of the inlet header section (sta- 
tions 2e to 3) was increased. The net result was an increase in loss 
between stations 2i and 3 of 8.5 percent relative to the loss with ideal 
flow at the inlet annulus inlet station. 

8. The expansion angle of the diffuser in the inlet-header-plate 
region was judged to be too high to permit satisfactory performance at 
full-scale Reynolds numbers. A redesigned header plate provided an 
expansion angle of 12O, which improved the velocity profile in the inlet 
annulus exit station (station 2e), reduced the combined loss of the 
inlet annulus and diffuser (stations 2i to 2e) by 30 percent, and increased 
the header, section loss (stations 2e to 3). The net result was a decrease 
in loss of 10 percent between stations 2i and 3. 

9. Flow in each of the nine annuli of the simulated reactor 2& inches 
downstream from their entrance was stable with relatively high velocities 
near both the inner and outer walls of each passage. 

10. Wakes from the rear strut and control rods were present in the 
exit annulus at station 6 and prevented the attainment of reliable meas- 
urements at station 6. 

11. The loss of total pressure in the exit header and snnulus between 
stations 4 and 7 was not considered to be excessive. 

12. Although boundary-layer profiles at the end of the exit annulus 
diffuser (station 8) showed no evidence of actual or impending separa- 
tion, the loss through the diffuser (stations 7 and 8) was excessive, 
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and was believed to be associated with the whirl motion imparted to the 
flow by the exit collector ring. 

13. The losses in the exit collector ring were appreciably larger 
than losses in the inlet collector ring. The exit collector ring was 
responsible for considerable flow asymmetry in the exit annulus, partic- 
ularly in a circumferential direction, and probably responsible for some- 
what higher losses in all duct elements affected. 

14. The measured loss coefficient for the entire model for the con- 
figuration giving acceptable mass-flow distributions in the reactor 
(header plate 2, guide vane configuration 2, and rear strut 2) was 6.66, 

which was 2.4 percent less than observed with the original configuration 
(header plate 1, guide vane configuration 1, and rear strut 1). The 

measured variation with increasing Mach and Reynolds number was attributed 
almost entirely to the orifice-plate characteristics. 

15. The sampling technique used in the air-flow tracing investiga- 
tion proved to be satisfactory for this type of investigation. 

16. The data indicated that paths of specific segments of air flow 
could be traced from the simulated reactor to a specific turbine inlet 
pipe, and that, within the limits of the tests, the paths were not sig- 
nificantly affected by Mach number or by the concentration of Freon-12 
vapor introduced. 
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Rear Strut 2 is identical with Rear Strut 1 except for the 
small members attached thereto as shown. 
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Figure 7.- Drawings and dimensions of the inlet annulus'. 
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Figure lb.- RDP ITO* 248 
Photograph of the downstream end of the simulated reactor 

showing the annular passages, rear strut, guide vanes, control rods, 
and the upstream outer wall portion of the exit annulus. 
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Figure 43-- Variation of the loss coefficients from station 1 to sta- 
tions 2e and 3 with Mach number. Test configuration 4b (header 
plate 2, guide vane configuration 1). 
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Figure 44.- Variation with Mach nuniber of the loss coefficients of the 
individual duct elements located upstream of station 3. 
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Figure 45.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. Test configuration 2. 
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Figure 46.- Variation of the mass flow deviations in the simulated 
tor with Mach number. Test configuration 3. 

-8 1 
-9 3 $ 

4 
-16 

9 
-11 .$j 

3 
-I2 q 

reac- 



NACA FM SL55G2g.b 

-16 

-20 7. *( 

annulus no- 

h I h 27 L Y h - h h 

0 
Q 

I .~ J.----I I I 
s .09 

1 
.I0 ./I .lk -13 J4 ./5 

M3 

Figure 47.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. 
vane configuration 1). 
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Figure 48.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. Test configuration 4b (header plate 2, guide 
vane configuration 1). 
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Figure 49.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. Test configuration 4c (header plate 2, guide 
vane configuration 2, rear strut number 2). 



I 

NACA FM SL55G29b 

-77 
E 

-“, 
3 
O- 

3 

2 

2 

d 

L 

-z 

2 

z 

s 

: 

E 

2 

Y- 

5 

-i: 

0 

: 
-Q 

al 

T 

z 
u 

P 

2 

c 

c 

4 

2 

0 

-2 

-6 

-a 

-Test 
-” - -Tess 

coni?guratron 2 

confrgurat Ion S 

ca 
Te sf conf 19 ura+flo n 4 

--- Header plate I, gurde vane canfrgurotron I, rear sirus 1. 
-l@ Ueoder plate 2, gu!de vane confr9urofron I, 

rear strut 1. 
-@ -Header plo+e 2, yutde vane 

con’f rguratlon 2, rear 
strut 2 

-- -- +* 

---- *. 

Y 

/ 

-14.0 
-13.8 

I --L --. .~~ I -;. -.. --I ~ I I I I 

I 2 3 4 5 4 I 8 9 

Annulus number 

Fig&e 50.- Cross plots showing! variation of the mass flow deviations in 
the simulated reactor with annulus number. E3 = 0.135. 
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Figure 51.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. Pipe 4 closed. Test configuration 4c (header 
plate 2, guide vane configuration 2, rear strut number 2). 
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Figure 52.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. Pipe 3 closed. Test configuration kc (header 
plate 2, guide vane configuration 2, rear strut number 2). 
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Figure 53.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. Pipes 1 and 4 closed. Test configuration kc' 
(header plate 2, guide vane configuration 2, rem strut number 2). 



NACA RM SL55G2gb 

0’ 
4 
9 1 
-L 
-t;“, u= UT 

0 

-2 

-4 

-. 6 

AnhuIus no- 
&l a 

0 0 
Q 

-A 5 -2 4 n 
@I 

9 8 4 

A 

& 4 A 

\,3 + 
:: 

. _. _ CT.-,x \.,,.,' .\,, \\ ,,,,, \ < -ID $ 
s 

a - -=I1 : 

LC 
d s-3, 

t 
z-33 I Q, 0 

> 
I I I 

- 
9 Q -35 

-06 -m 
M3 

*OS 

Figure 54.- Variation of the mass flow deviations in the simulated reac- 
tor with Mach number. Pipes 2 and 3 closed. Test configuration 4c 
(header plate 2, guide vane configuration 2, rear strut number 2). 
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Figure 55.- Variation of the mass flow deviations in the simulated reactor 
with Mach number. Pipes 2, 3, and 4 closed. Test configuration 4c 
(header plate 2, guide vane configuration 2, rest strut number 2). 
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Figure 56.- Variation of the mass flow deviations in the simulated reactor 
with Mach number. Pipes 1, 2, and 4 closed. Test configuration kc 
(header plate 2, guide vane configuration 2, rear strut number 2). 
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Figure 57.- Cross plots showing variation with annulus number of the mass 
flow deviations in the simulated reactor for the symmetrical and the 
six asymmetrical test conditions. Test configuration 4c (header 
plate 2, guide vane configuration 2, rear strut number 2). 
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Figure 58.- Variation of mass flow between quadrants 
of the simulated reactor for the symmetrical and 
test conditions. 

in any given annulus 
the six asymmetrical 

a p,pes pi,f: 4 closed \d ; 

MS = .045 

-5 

lad 

+ I I I 
/ 8 5 7 9 

Unnulus number 

Ot \/T Y 

-~ / ------ .~ .- , 

-“t L A$ *I , 
I ’ Jo I 

7 c 
( 

3 s 7 9 



7.6 

2 7.2 

Q 
& 

\ q 6*8 Is I 
g 

6.4 

0 Garde V/one confrgWa+ton I (4~1 
0 hlo qu/& vQneS im confrd rod 2 (4d) ’ 

P 

474 A? 4 -12 -13 44 -1s 

k 

I 

Figure 59.- Variation of the loss coefficient from station 1 to station 9 
with Mach number. Test configurations 4a and 4~3. 
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Figure 60.- Variation of the loss coefficient from station 1 to station 9 
with Mach number. Test configurations 4a and 4b. 
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Figure 61.- Variation of the measured and the adjusted loss coefficients from 
station 1 to station 9 with Mach number. Test configuration 4c (header 
plate 2, guide vane configuration 2, rear strut 2). 
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Figure 63.- Variation of the calculated total pressure loss from stations 1 
to 4 with reactor annulus number. Test configuration 4c (header plate 2, 
guide vane configuration 2, rear strut 2); R3 = 0.141. 
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Figure 64.- Radial variation of the total pressure in the exit annulus 
at station 6. Data obtained at the 45O position of quadrant A for 
test configuration 4c. 
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Figure 65.- Exit annulus longitudinal static pressure distribution. Test 
configuration ka, (header plate.l, guide vane c&figuration 1, rear 
strut 1). 
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Figure 65.- Concluded. 
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Figure 66.,- Radial variation of total pressure and whirl angle in the 
exit annulus at stations 7 and 8. Test configurations 4a and kc. 
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Figure 67.- Radial variation of velocity at stations 7 and 8. Test 
configurations ka and kc. 
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Figure 68.- Variation of the mean loss coefficients from station 1 to 
stations 4, 7, and 8 with Mach number. Test configurations 4a and 4~. 
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Figure 6g.- Variation of the loss coefficients of the various duct ele- 
ments downstream of the simulated reactor with Mach number. Test con- 
figurations 4a and 4c. 
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Figure 70.- Results of air-flow tracing test showing the percent of mean 
concentration in the various pipes for several airspeeds. Test con- 
figuration 4c. 
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Figure 71.- Results of air-flow tracing test showing the percent of mean 
concentration in the various pipes for the symmetrical and two asym- 
metrical test conditions. Test configuration kc. 
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